Abstract:
• The contribution of hypertension to risk of all strokes and of nonembolic brain infarction in elderly black and white men and women is examined.
The results of the Chicago Stroke Study show that hypertension is significantly associated with increased risk of nonembolic brain infarction, as well as all stroke, in this population of elderly black and white men and women. It is possible that 25% or more of the total incidence of stroke in persons 65 to 74 years of age may be attributable to hypertension.
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• Although programs to control atherosclerosis and hypertension in early adulthood and middle age should ultimately decrease the incidence of stroke in later years, it is important to determine whether effective prevention can be achieved for persons who are now elderly. The identification of characteristics related to risk of stroke in elderly persons is a first step in this direction, and has been the principal objective of the Chicago Stroke Study. The major purpose for the present paper is to examine the contribution of hypertension to risk of all strokes and of nonembolic brain infarction in elderly black and white men and women. The incidence of these events in a defined population is analyzed in relation to systolic and diastolic pressure and to grade of hypertensive retinopathy. Data also are presented on the significance of pure systolic hypertension, i.e., elevated levels of systolic blood pressure with normal levels of diastolic pressure.
Methods
The participants in this prospective study were selected during 1965 to 1966 by probability sampling techniques from the population of noninstitutionalized black and white persons who were 65 to 74 years of age and receiving Old Age Assistance in Cook County, Illinois. They were interviewed in their homes to explain the general purposes of the study and to obtain demographic information. Subsequently, they came to a central facility where a medical examination emphasizing the cardiovascular and nervous systems was performed. Casual blood pressure in the left arm was obtained by the cuff and auscultatory technique with the participant in the sitting position. Diastolic pressure was measured at the disappearance of Korotkoff sounds (phase 5). Fundoscopy was routinely performed, and hypertensive retinopathy graded by the criteria of Keith and Wagener. The population, sampling methods, initial examination, and findings at initial examination have been described previously.
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Participants who did not have a history or signs of stroke at initial examination were visited semiannually by field workers who had been trained in systematic interviewing and observational techniques to detect signs and symptoms of stroke.
8 A neurologist or senior neurology resident examined those participants who developed such signs or symptoms during the follow-up period, which terminated in March, 1970. Hospital and medical records, death certificates, and coroners' reports also were obtained. All follow-up data were reviewed by a neurologist (H.L.K.), who was responsible for the final diagnosis. Whenever possible, differentiation was made between hemorrhagic stroke, brain infarction due to embolism, and nonembolic brain infarction.
Since the evidence that a stroke had occurred varied from a statement on the death certificate with no other information available to a thorough neurological examination complete with laboratory findings and subsequent postmortem examination, five classes of diagnosis were defined as follows:
1. A clear history was obtained of a focal cerebral dysfunction that occurred suddenly, was compatible with occlusive or hemorrhagic involvement of one or more neck or intracranial arteries, lasted at least 24 hours, and showed some degree of improvement after maximal involvement unless death occurred early. In addition, neurological signs SHIKIUI, OSTFELD, KLAWANS consistent with the history were observed at examination.
2. A clear history as described above was obtained, but confirming neurological signs were not observed. 3. A history of possible focal cerebral dysfunction was obtained, but the details were not clear. Neurological signs consistent with stroke were observed.
4. No history of focal cerebral dysfunction was obtained, but neurological signs consistent with stroke were observed.
5. Death certificate diagnosis was the only information available.
In this paper, incidence data are presented for all strokes and for cases of nonembolic brain infarction (NBI) that met the criteria for a Class 1 diagnosis, i.e., clear history plus confirming signs.
The procedure for analyzing these data has been to categorize the participants in terms of one or more variables, e.g., systolic blood pressure, and to compare the categories with respect to incidence of the two end points, stroke and Class 1 NBI. Rates of incidence and their standard errors have been calculated by life table procedure* for each of the eight sex-specific, age-specific, and race-specific groups (white men 65 to 69 and 70 to 74, black men 65 to 69 and 70 to 74, white women 65 to 69 and 70 to 74, and black women 65 to 69 and 70 to 74) within a category, and these eight rates then have been averaged to obtain a single incidence rate for the total category. A test for linear trend in proportions, described by Snedecor and Cochran, 8 has been used to test the null hypothesis that incidence is unrelated to a graded series of categories, e.g., levels of systolic blood pressure. The difference between two independent proportions has been tested by the ratio of the difference to its standard error.
Results

AOI, MX, AND IACI
Stroke occurred within three years of the initial examination in 183 of the 2,772 persons in this cohort. Of these 183 cases, 107 were categorized as Class 1 nonembolic brain infarction (NBI). The three-year incidence rates of stroke and of Class 1 NBI for the eight sex-specific, age-specific, and race-specific groups are shown in table 1. Also shown are mean rates for persons 65 to 69 and 70 to 74, for white and black persons, and for men and women. The bottom row in the table shows the three-year incidence rates adjusted for sex, race, and age to the 1960 U.S. population.
The older group, 70 to 74, has significantly higher incidence rates of stroke (P < 0.001) and of Class 1 NBI (P ^ 0.012) than the younger group. The incidence rates of both end points also are significantly greater among black persons than white persons. The average three-year rates of stroke for blacks and whites are 88 ± 8/1,000 and 58 ± 7/1,000, respectively (P < 0.005). For Class 1 NBI, the average threeyear rates for blacks and whites are 56 ± 8/1,000 and 33 ± 6/1,000, respectively (P -0.021). The rates for women are not significantly different from the rates for men.
When adjusted by sex, race,.and age to the 1960 U.S. population, the overall three-year incidence of stroke is 58 ± 7/1,000. The corresponding overall three-year rate for Class 1 NBI is 34 ± 5/1,000. •Hypertension defined as systolic pressure > 160 mm Hg and/or diastolic pressure > 95 mm Hg. tEach rate is the mean of eight age-specific, sex-specific, and race-specific rates computed for the category by life table procedure.
HTHRTINSION
Hypertension, defined here as systolic pressure > 160 and/or diastolic pressure ^ 95 mm Hg, was observed in 42.9% of the cohort at initial examination. As shown in table 2, hypertensive persons have higher average incidence rates of stroke (P -0.001) and of Class 1 NBI (P ^ 0.004) than nonhypertensive persons. When adjusted for sex, race, and age to the 1960 U.S. population, the three-year incidence rates of stroke and of Class 1 NBI for the nonhypertensive persons are 42 ± 7/1,000 and 24 ± 5/1,000, respectively. These rates for nonhypertensive persons are about 28% lower than the similarly adjusted rates for all persons shown in table 1.
Data on the relationship of pure systolic hypertension are presented in table 3. All persons with diastolic pressure < 79 mm Hg were classified into three groups by the level of systolic pressure: <, 139 mm Hg, 140 to 159 mm Hg, and ^ 160 mm Hg. The data indicate that in this group of persons with normal diastolic pressure, increasing levels of systolic pressure are associated with increasing incidence of stroke (P -0.002) and of Class 1 NBI (P = 0.05). In comparison to the group with a systolic pressure <, 139 mm Hg, persons with pure systolic hypertension (systolic pressure ^ 160 mm Hg) have about 2.5 times greater incidence of stroke and of Class 1 NBI.
SYSTOLIC AND DIASTOLIC BLOOD MISSUM
The distributions of systolic and diastolic blood pressure for each sex-race group are summarized in table 4. Table 5 shows the three-year incidence of stroke and of Class 1 NBI in relation to the level of systolic and diastolic blood pressure observed at the initial examination. The categories of blood pressure were defined so as to divide the cohort as nearly as possible into quintiles. Inspection of these data indicates that incidence of stroke and of Class 1 NBI increases steadily with increasing levels of systolic pressure (P < 0.001). The risk of stroke among persons with a systolic pressure > 180 mm Hg is 2.9 times greater than the risk observed among persons with a systolic pressure <, 129 mm Hg. The ratio is 3.4 when these groups are compared for risk of Class 1 NBI.
Diastolic blood pressure also is related to risk of stroke (P =* 0.011) and of Class 1 NBI (P ^ 0.001), but the gradient of risk is less strong than the gradient observed with systolic pressure. Comparing persons with a diastolic pressure ^ 95 mm Hg to persons with a diastolic pressure < 69 mm Hg, the relative risks are 1.8 for stroke and 2.6 for Class 1 NBI.
HTKITINSIVI RfTINOPATHr
The prevalence of hypertensive retinopathy (KeithWagener Grade 1+) in the total cohort was 25.4%, and 12.7% of the participants had Grade 2 + eyegrounds. The relationship of hypertensive retinopathy to incidence of stroke is shown in table 6. For stroke and for Class 1 NBI, rates of incidence increase markedly in association with grade of hypertensive retinopathy (P < 0.001).
Discussion
These results show that hypertension is significantly associated with increased risk of nonembolic brain in- farction as well as all stroke in this population of elderly black and white men and women, and in this respect support the findings of previous prospective studies on predominantly middle-aged persons. These studies and others on the epidemiology of nonembolic brain infarction have been reviewed recently by Kannel." In this population, the risk of Class 1 nonembolic brain infarction among persons with a systolic pressure ;> 180 mm Hg is about three times greater than the risk in persons with a systolic pressure < 129 mm Hg. Similarly, persons with a diastolic pressure > 95 mm Hg are more than twice as likely to have a Class 1 nonembolic brain infarction in comparison to persons with a diastolic pressure < 69 mm Hg. The data also show that hypertension is very common in this population; 42.9% of participants in this study had a systolic pressure > 160 mm Hg and/or a diastolic pressure > 95 mm Hg, and this hypertensive group has an incidence rate of Class 1 nonembolic brain infarction that is 1.8 times greater than the rate observed in persons with a systolic pressure < 159 mm Hg and a diastolic pressure < 94 mm Hg. Pure systolic hypertension also is related to increased risk of stroke and nonembolic brain infarction in this elderly population. Among persons who had diastolic pressure < 79 mm Hg, the incidence of stroke and of Class 1 nonembolic brain infarction is more than doubled in those who had systolic pressure > 160 mm Hg in comparison to persons with systolic pressure < 139 mm Hg. Hypertensive retinopathy also was found to be associated with markedly increased risk of stroke and of nonembolic brain infarction.
After adjusting for age, sex, and race to the 1960 U.S. population, the three-year incidence rates of stroke and of Class 1 nonembolic brain infarction in the total cohort are 58/1,000 and 34/1,000, respectively. Among nonhypertensive persons, those with a systolic pressure < 159 mm Hg and a diastolic pressure < 94 mm Hg, the similarly adjusted rates for the corresponding end points are 42/1,000 and 24/1,-000. Using these criteria, about 28% of the total incidence of stroke in persons 65 to 74 may be attributable to hypertension.
Although the effectiveness of antihypertensive treatment in primary prevention of stroke remains to be demonstrated on a broad scale, results from clinical trials such as the Veterans Administration Cooperative Study Group 7 ' 8 strongly suggest that normalizing high blood pressure will substantially reduce the incidence of stroke, at least in middle-aged persons. It is not yet known whether similar results could be obtained in elderly persons.
